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Introduction 
The use of porous structures as tissue engineering 
scaffolds imposes high demands on the pore 
architecture. Stereolithography is a rapid 
prototyping method based on photo-polymerisation, 
that can be utilised to make 3D constructs with high 
spatial control. 
In this study, biodegradable resins were developed 
that can find application in stereolithography. 
Poly(D,L-lactide) (PDLLA) oligomers were 
synthesised and functionalised with methacrylate 
end-groups. By mixing the resulting macromers 
with a diluent, photo-initiator and inhibitor, low-
viscosity resins were obtained that were photo-
crosslinked to yield stiff and strong degradable 
poly(lactide) networks. 
Also, porous scaffolds were fabricated on a 
stereolithography apparatus (SLA) from a non-
degradable resin. 
 
Methods 
Star-shaped PDLLA oligomers were synthesised by 
ring-opening polymerisation starting from alcohols 
with either 2, 3 or 6 hydroxyl groups. The arm 
length (0.15, 0.5, 1 or 5 kg/mol) was varied by 
adjusting the ratio of monomer to initiator. After 
reaction with methacryloyl chloride, methacrylate 
end-functionalised oligomers (macromers) were 
obtained. Using ethyl lactate as a diluent, photo-
crosslinkable resins were formulated from the 
macromers and 2wt% of Irgacure 2959 plus 0.1wt% 
hydroquinone. Viscosity was measured for a range 
of macromer/diluent ratios. After photo-
crosslinking (15 mins at 365nm with 10-14 
mW/cm2), extraction with acetone/isopropanol 
mixtures and drying, rigid networks were formed. 
These were characterised with respect to gel content 
and mechanical properties. 
Non-degradable scaffolds were fabricated from 
pentaerythritoltetra-acrylate using an EnvisionTec 
Perfactory SLA with a resolution of 33 μm, and 
scanned on a GE eXplore Locus SP microCT-
scanner at 28.6 μm resolution. 
 
Results & discussion 
PDLLA macromers of the intended molecular 
weights were synthesised with end-group 
substitutions of 91 to 100%. Figure 1 shows the 
viscosity data for the 3-armed PDLLA-MA/ethyl 
lactate resins. All viscosities show strong 
composition-dependence. The amount of diluent 
required to obtain a 1000 cP viscosity 
(representative for SLA application) ranges from 
17% (lowest molecular weigth) to 59% (highest 
molecular weight). 
 
 
Figure 1: Composition dependence of the viscosity (at 
25 °C and shear rate 9.3 s-1) of 3-armed PDLLA-MA / 
ethyl lactate resins. The y-axis has a logarithmic scale. 
Upon photo-initiated crosslinking, networks with 
gel contents of 96 ± 3 % were formed. These were 
stiffer (3.4-4.3 GPa Young’s modulus) and stronger 
(59-77 MPa ultimate strength) than non-crosslinked 
high-molecular weight PDLLA (2.6 GPa and 50 
MPa, respectively). 
 
 
Figure 2: Photograph (left) and microCT image (right) 
of a porous scaffold built on a Perfactory SLA. 
Figure 2 shows one of the built scaffolds. As 
determined by microCT, the porosity is 48% with 
an average pore size of 471 μm. The relatively low 
porosity means high stiffness and strength of the 
porous structure, yet it has a very open and 
interconnected pore architecture. 
 
Conclusion 
Stereolithography is a most suited technique for the 
fabrication of designed porous tissue engineering 
scaffolds. Photo-crosslinkable PDLLA-based resins 
that can be applied in stereolithography were 
synthesised and yielded strong and stiff degradable 
networks after photo-crosslinking. 
